The current study aims to measure the effect of pre-sowing desiccation period and verify the influence of post-emergence herbicide on soybean agronomic traits and grain yield. The experiments were carried out according to a randomized complete block design with three replications during two crop seasons (2012/13 and 2013/14), using split plot design. Five soybean cultivars were used (BRS Favorita RR ® , TMG 1179 RR ® , TMG 1176 RR ® , Anta 82 RR ® , NS 7100 RR ® ). Two desiccation periods were adopted 7 days before sowing and just before sowing. Two types of weed management were tested in postemergence -using glyphosate (Roundup Ready ® ) and a soybean selective herbicide (Robust ® ). During the 2013/2014 crop season, manual weeding was also used. The evaluated traits were plant height, first pod insertion, number of pods per plant and number of seeds per pod, 1,000-grain weight and grain yield. Considering the distinct post-emergence herbicides, there was no significant difference between glyphosate and Robust ® . Nevertheless, the desiccation period showed significant differences in plant height, number of pods per plant and grain yield. The soybean grain yield was higher when desiccation was done 7 days before sowing. Therefore, an association between desiccation period and soybean performance was assumed.
INTRODUCTION
After the emergence of biotechnology and the transgenic development of Roundup Ready (RR ® ) soybean cultivars, there was an alleged gain in easing weed management in this crop. The amount of glyphosate used for weed control was already big before the release of soybean transgenic cultivars (Petter et al., 2007) . After the approval of RR ® soybean cultivars in Brazil, the intensity of glyphosate consumption became even higher due to the possibility of carrying out post-emergence applications. Glyphosate is the most consumed herbicide in Brazil with approximately 250 million liters annually sold (Londres, 2011) , thus accounting for 30% or more of the entire amount of active ingredients consumed in the country (AENDA 2011) . It confirms the importance of this active ingredient to weed management and, consequently, to the pesticide market.
The glyphosate action mechanism is quite unique, since it is the only herbicide able to specifically inhibit the 5-enolpyruvylshikimate-3-phosphate synthase (EPSPs) enzyme, which catalyzes the condensation of both shikimic acid and pyruvate phosphate, thus preventing the synthesis of three essential amino acids -tryptophan, phenylalanine and tyrosine (Zablotowicz and Reddy, 2004) . In other words, the RR ® soybean tolerance to glyphosate due to its EPSPs isoform, which is resistant to glyphosate.
However, the immoderate glyphosate use at high doses or the excessive number of applications may cause phytotoxic effects (Santos el al., 2007a) and unbalance the absorption of nutrients, water use and photosynthesis (Zablotowicz and Reddy, 2007; Albrecht et al. 2011; Serra et al., 2011) . It may also be harmful to the microbial activity and to the nitrogen-fixing bacteria (Santos et al., 2007b; Zobiole et al., 2010; Serra et al., 2011; Zuffo et al., 2014) .
Weed management in soybean fields has been done in three ways: just before sowing, 7 to 10 days before sowing or earlier (Oliveira Jr. et al. 2006) . Reports indicate that the desiccation performed just before sowing, known as "Apply and Sow", is the most popular method among farmers, since it allows saving time and maximizing machinery use.
The current study aims to measure the effect of different pre-sowing desiccation periods using glyphosate and to verify how post-emergence herbicides affect soybean agronomic traits and grain yield.
MATERIAL AND METHODS
The experiments were conducted during 2012/2013 and 2013/2014 Table 1 .
According to Koppen classification, the local climate conditions can be classified as Cwa, with mean annual temperature of 19.3°C and normal annual rainfall of 1,530 mm (Dantas et al., 2007) . Climatic data were collected at the weather station of National Institute of Meteorology (INMET) located at Federal University of Lavras-UFLA and they are shown in Figure 1 . In the previous season, the experimental area was cultivated with corn. After harvesting, the area was fallowed. The area had high weed infestation before the experiment setup. Among them, Bidens subalternans DC., Ipomoe anil (L.) Roth., Brachiaria decumbens.
The experiments were conducted in a split plot design with three replications. The experimental plot consisted of four 5 m-long rows, the two central rows were considered to be the effective area. Two plots were taken under consideration in order to evaluate the effect from the desiccation period -the first plot, which was subjected to desiccation 7 days before sowing, and the second one, in which desiccation was performed just before sowing. By the time plants were ready to be harvested, plant height and first pod insertion were measured using metric ruler. In addition, 5 plants per plot were collected to determine the number of pods per plant, and the number of seeds per pod by manual counting. The 1000-grain weight was determined according to the methodology described by Brasil (1992) . Seed moisture was standardized at 13% and grain yield was estimated in Kg/ha.
The results were subjected to variance analysis (ANOVA), and the means were grouped by Scott-Knott test (1974) , at 5% probability. Statistical analysis was performed using the SISVAR ® statistical package (Ferreira, 2011) . The statistical model and analysis procedure were similar to those presented by Ramalho et al. (2012) .
RESULTS AND DISCUSSION
The results from the desiccation periods indicated that the number of pods per plant, number of seeds per pod and the 1.000-grain weight presented significant differences (p≤0.01) regarding the crop season effect (Table 2 ).
All the evaluated traits were significantly (p≤0.01) influenced by the cultivars (Table 2) . It was expected, because cultivars have distinct genetic backgrounds, growth habits, maturity groups and other features that lead to such variation. These results corroborate those by Stulp et al. (2009) who also found differences in cultivar performances in different crop seasons.
Regarding the desiccation period, these results indicated that plant height, number of pods per plant and grain yield were significantly influenced by the desiccation method (Table 2) . These results were also reported by Oliveira Jr. et al. (2006), who described the influence of glyphosate desiccation timing on soybean plant height and yield, thus reinforcing results found in the current study.
Except for the number of seeds per pod, the other agronomic traits and grain yield presented significant difference (p≤0.01) in the season x cultivar interaction (Table 2) . Regarding the season x desiccation period interaction, only plant height and number of pods per plant presented significant differences (p≤0.05). As for the cultivar x desiccation period interaction, no significant difference was found in the evaluated parameters. The season x cultivars x desiccation period interaction showed significant difference in seed number per pod and grain yield; it shows that the cultivars have unequal performances regarding distinct desiccation methods and different crop seasons.
The differences in the pattern of production components among crop seasons did not affect grain yield (Table 2 ). The number of pods per plant was higher in the 2013/2014 crop season, and. the number of seeds per pod and the 1,000-grain weight were lower.
This fact may be attributed to the higher mean temperature observed during soybean pod formation in January and February (Figure 1 ). According to Castro et al. (2008) , the soybean plant reaches better development in temperatures between 20 and 30°C, and the optimal temperature is approximately 30ºC. Increase in the number of pods per plant led to decrease in the amount of photoassimilates available for each pod, and consequently, to a smaller number of seeds per pod and 1,000-grain weight value.
By comparing the desiccation periods, the current study results indicated that the "Apply and Sow" method led to 10.56, 12.34 and 7.61% reduction in plant height, number of pods per plant and grain yield, respectively (Table 2) . Oliveira Júnior et al. (2006) and Santos et al. (2007b) also described the negative effect caused by the "Apply and Sow" method on soybean yield. Data provided by these studies corroborated the results found in the current study.
The differences among management systems have been taken under consideration due to the shading effect caused by the weed population, which affects the growth of soybean seedlings. Therefore, Constantin et al. (2007) reported that the "Apply and Sow" system leads to grain yield decrease due to the shading effect. Thus, the current study assumes that the significant difference between desiccation periods probably due to the largest weed population found in the "Apply and Sow" method. This largest population accounts for the stronger shading effect at earlier soybean growth stages.
According to the economic point of view, grain yield is the most important production component. Therefore, a difference of 301.0 Kg.ha -1 among yield averages was observed, thus suggesting the reductive effect of "Apply and Sow" method on the soybean yield.
The desiccation 7 days before sowing led to increase in plant height and in the number of pods per plant, in .5 a ¹ ** and *, significant at 1 and 5% probability by F test, respectively. ns , Non-significant; DF, degrees of freedom; CV, coefficient of variation. ² Means followed by the same letter in columns belong to the same group by Scott Knott test (1974) , at 5% probability.
comparison to the "Apply and Sow" method. Such differences appear to be related to root dry weight decrease or to nodule dry weight decrease in soybean plants when the "Apply and Sow" method is adopted, as reported by Santos et al. (2007b) who described the low development of soybean plants resulting from weakened root systems.
There was high variation range between the mean yields, from 2943 to 4120 Kg.ha -1 in the NS 7100 RR ® and TMG 1176 RR ® cultivars, respectively (Table 2) . However, all cultivars showed satisfactory performances, and the yield values above the average presented by this crop in the state of Minas Gerais were obtained in the 2013/2014 crop season -2687 Kg.ha -1 (CONAB, 2014). Generally speaking, Anta 82 RR ® and NS 7100 RR ® cultivars reached higher yields in the "Apply and Sow" method ( Figure 2 ). The other cultivars and crop seasons showed a distinct pattern. Nevertheless, no significant difference was found in grain yield. This fact is probably correlated to the individual features of each cultivar and to the genotype x environment interaction. Santos et al. (2007b) recommend that the pre-sowing desiccation in soybean fields should be done at least 7 days before sowing. Thereby, the current study assumes that Anta 82 RR ® and NS 7100 RR ® cultivars are not affected by glyphosate application just before sowing. Except for Averages followed by the same capital letter in the same crop season and llower case in in the same desiccation period belong to the same group by the Scott-Knott test (1974) at 5% of probability. plant height and grain yield, the other variables were significantly (p≤0.01) influenced by crop seasons (Table  3) . Regarding the different weed management systems, a significant difference was found among cultivars (p≤0.01) in all the evaluated traits, which is consistent with the genetic diversity among cultivars.
However, the different types of post-emergence weed control did not present significant differences in the evaluated traits, as well as season x herbicide interaction, cultivar x herbicide interaction and season x cultivars x herbicide interaction.
As for the season x cultivar interaction, there was a ¹ ** and * significant at 1 and 5% probability by F test, respectively. ns, Non-significant; df, degrees of freedom; CV, coefficient of variation.² Means followed by the same letter in columns belong to the same group by Scott Knott test (1974) , at 5% probability significant difference (p≤0.01) in plant height, first pod insertion and grain yield (Table 3) . These results are similar to those reported by Correa and Alves (2009) . By evaluating the efficiency of herbicides applied in conventional and transgenic soybean cultivars, no significant difference was found in first pod insertion and grain yield when comparing selective herbicides, glyphosate and the mix between them. As for the differences found among evaluated traits, it is possible to notice that the range of yield variation between TMG 1179RR ® (4394 kg.ha ) cultivars is considerably high. In addition to grain yield, other agronomic traits, such as plant height and first pod insertion height, are extremely important and desirable to a cultivar. These features are linked to the cultivar genetic profile, and they are also influenced by environmental factors such as soil fertility, climate, crop season, humidity, among other factors (Lambert et al., 2007) .
Regarding plant height, Rezende and Carvalho (2007) recommended an optimal soybean plant height to improve harvest efficiency, and described the ideal height between 60 and 120 cm. All the tested cultivars in both crop seasons reached mean plant heights consistent with the recommended optimal height.
As for the first pod insertion, the current results indicate difference of 18.56cm in TMG 1176 RR ® cultivar and 1175cm in the NS 7100 RR ® one. Despite the consistent ¹ ** and * significant at 1 and 5% probability by F test, respectively. ns , Non-significant; DF, degrees of freedom; CV, coefficient of variation. ² Means followed by the same letter in columns belong to the same group by Scott Knott test (1974) , at 5% probability. variation, cultivars NS 7100 RR ® , Anta 82 RR ® and TMG 1179 RR ® could be considered to be suitable for mechanical harvesting. Even belonging to a group with lower height of first pod insertion, only the NS 7100 RR ® cultivar showed lower first pod insertion values, although they were still close to the desirable ones.
Regarding the production components, it was found distinct performance among cultivars under divergent edaphoclimatic conditions, fact that was already expected due to the unequal genotypic structure and to the intense environmental influence on plant phenotype.
There were significant differences (p≤0.01) among cultivars in all evaluated traits, except for the NS 7100 RR ® cultivar, which presented no significant difference in grain yield among cultivars. Furthermore, it was also found that there was no difference between the types of weed management tested in post -emergence, as well as in the season x herbicide interaction (Table 4) .
Differently, Zadinello et al. (2012) reported results that do not meet those in the current study. They found 15% yield reduction as the result from herbicide application in the R 2 stage. Such reduction was caused by glyphosate application in post-emergence stage and it was also described by Albrecht and Ávila (2010) and by Santos et al. (2007a Santos et al. ( , 2007b .
By analyzing the averages from the evaluated traits related to post-emergence weed management, it is possible to notice that the management using manual weeding or herbicides (Roundup ® or Robust ® ) do not affect soybean agronomic traits and yield (Table 4) . It is possible to assume that these herbicides do not affect the evaluated soybean cultivars, fact that makes them suitable due to their high efficiency.
According to the herein found results, it is possible to see the relation between desiccation management and soybean agronomic performance. The desiccation 7 days before sowing appears to be responsible for higher soybean yield in comparison to the "Apply and Sow" method. It seems that the different types of postemergence weed management (Glyphosate, Fluazifop-PButil and Fomesafen or manual weeding have no effect on soybean agronomic traits and grain yield.
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